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® Process for production of acrylic acid, 

^ZTL^T 8 ° xWati0n 0f propy,ene jnt0 ln th * step and then into acrylic acid in the 

second step has been .mproved (1) by utilizing as a diluent for the oxidation in the first n & 

'S^L "* (2> bV SPeC,fym9 0pGrati0n COndjtions set in vi * w <* the recycle of the combust 

rnn^liT 0 ^ present inv ° ntio ". ^s made it possible to produce a hiah 

concentration of acrylic acid as both gas and condensation and also to prolong the catalytic acSX oL MoS 
composite oxide catalyst used for the first oxidation reaction * °" B ' 
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PROCESS FOR PRODUCTION OF ACRYLIC ACID 



BACKGROUND OF THE INVENTION 



. ^^t»js*sisar caBWe " - — — — * 

One of the typical processes for industrial production is as follows ProDvlena k m™**** ■ . • > 
^^JEL^ »«•"««< «*r -W separata .1 eooeefc *«," S 

** econ ° n '' 01 a 958 !»«»«" 9"«ly "talced by 0» 

£ST ^™ la,a " 0 '"" ***"""' "* aj "" 97 '' «"■• £S£?2 

reaction conditions affects the quantity of energies used for the reactions. 



25 



30 



50 



SUMMARY OF THE INVENTION 

Study which has led to the present invention 



tJ^JS* the M Cata,yStS n u ow used Anally in practice should be outstanding in their catalyst oroDert.es 
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xlTf* "JUT* inve f i9at !" 9 intensive| y the of Mo-Bi composite oxide catalysts used ,n the first 

step and Mo-V composite oxide catalysts used in the second step 

at ou^nvSoT " 3 ° f ^ r9SU ' lS 9ta * ,aW by ° Ur inV6Sti9ation in *• proc * ss - «M"0 

(1) Steam is not ssential in the first step, but is ess ntial in the second step when Mo-Bi commit* 

aC rv«r (2 a ^ 9 !"? lyrt -f M ? ? (M °" Bi) C3talyStS f0f ,he firSt step is serious| y im Pa!red ^ the addition of 
rectln or" ^ t0 thS 938 mixture - Accordingly, the unreacted propylene 

r8qU ' reS 3 C0mP ' iCat9d COntr °' 1,16 maimenance of *• composition of recydS 

(3) In the recycle process, the higher the concentration of the propylene in the first reactor ink* i« 

quantity of air supplied to the first reactor inlet. Accordingly, the recovery of unreacted propytene in the 
^process is not much if a condition of a high concentration of propyL in the 

(4) One of the crucial factors affecting the catalyst life of fMo-Bh cataNsi* i* ~* s * 

steam at the first reactor inlet. Lowering of this pressure as much as possible is a^vaniage^s " " 

As a result of our analysis of these findings, we have discovered that a process which comorises- 
inducing the acrylic acid-containing product gas obtained at the second reactor outle \\^£E*Z 

SEE S af T-\ COll9 ? l n9 . 8Cry,iC «** 38 3,1 aqu90us so,ution: a » the ^g^m «i 

colliding apparatus to catalytic combustion oxidation thereby converting the unreacted propylenH the 
waste gas mainfy into CO, and rfeO: and adding a part of the combusted waste gas SmdSSR the aas 
mixture supplied to the first reactor inlet (this process being referred to hereinaL as i JS> 
gas ^cycling process) is an industrial process for producing acrylic acid which is superior to thetnreS 
propylene recycling process known heretofore. unreacted 

th* ll C !!!l 0S fi in JaPane8e ^ Publication No - 30688/1978 that the gas remaining after removal of 
„.T ~: densabl6 9as ' obtained « ». second reactor outlet is introduced again TSTtH 
reactor ,nlet as a substitution of a part or all of the steam supplied as inert dilution gas. This referencT 
however, does not refer to any of the conditions in which the inert dilution gas is reus* T^e preS 

S ™ °. S?? J ? ! rd,nary combustion a PP^s for waste gas with an oxidation catalyst, e g a 
SI,, 1 Y ^introducing again a part of the resulting combusted gas to the first leader inlet a1 
thrs time, the concentrations of air and waste gas at the first reactor inlet are established aocortSn to the 

SZSEF" °'T bUSted W8Ste 93S - Further ' a la ^ portion * «W" and steT S Tor 
the reaction in the second step can be freshly supplied at the second reader inlet in certain caseT 
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Summary of the invention 

The present invention has been achieved on the basis of these new findings and provides a orocess for 
%2£l rlVF 8 ^. ** * condensate of a high LcenSration y oSon of 

propylene at a high concentration under specific restricted conditions and also for prolonging catalytic 

orodISo„ Pr ™i n H nt !T '! Characterized ^ 1,19 ^Itlons for oxidation reactions in acrylic acid 
SSES^T? k° St9p Vap ° r phase catalytic oxidation ' *** C ™P"*** converting propylene 
ttie first catalytic oxidation and then subjecting the product gas from the first reaction to the second catalytic 
with the present invention are as follows. 

that t^Z^S^^T 9 C8talytiC ° Xidatl0n reaction is a M °- Bi based composite oxide catalyst and 
that for the second catalytic ox.dation reaction is a Mo-V based composit oxide catalyst. 
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a riH J 3 ™™ 6 P ? dUCt J 3 ** r f Ultin9 fr ° m the second cala| y tic oxidation rea ^on is subjected to an acrvlic 
acrd recovery step where the acrylic acid is recovered as an aqu ous solution, and all of the rema^ 

Z of^rSTf I" ■* aCryHC 3Cid r8C0Very Step is subjected to o^dal comolrra 

part of combusted waste gas is recycled to the first reactor. 

The m^ a Tf T' ? r9aCti0n 933 Subjected ,0 ,he first cata| y tic oxidation r ^Bon is as follows 

5 to ut a ^,h ^ ^ 0Xy9e " 10 Pr0Py,6n9 iS 117 t0 250: ,he concentration of the propylene is 
5 to 14%; and the concentration of the combusted waste gas is 5 to 95% 

reJSZ!, ^1™"' ° f ? 9 ° resent inven «c"- the gas to be subjected to the second catalytic oxidation 

S fed to th T 9 COmpositlon ' ,ha composition being indicated as the.sum o?the gas to 
be fed to the first ox.dat.on reacbon and the optional gas mixture added: the molar ratio of the molecular 
oxygen to the propylene being 1.75 to 2.50. and the molar ratio of the steam to the prolyl ^5 to 

According to the present invention, it is possible without complicated control to utilize waste oas from 
the second reactor outlet as dilution gas at the first reactor inlet and to obtain aoyTc acfd ofa hlh 

the first step catalyst from detenorabon. Further disposal of the waste oas can he car^n „.,♦ LI 
neousiy. - — -Hu- 

BRIEF DESCRIPTION OF THE DRAWING 

inveln 9 ** ^ * * *" ^ m 8xamp,e of the <* *• Present 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Analysis of the Reactions Involved 

are d^bed^ow"' inV9Stt9at '° n " ** » which * e *-« Mention has been achieved. 

phhTm!.^ 6 "^ 8 f 6d (M °* Bi> Cat3,yStS comprising Mo-Bi-Fe-Co-Ni-B-Na.K-Si.0 as the first step catalvst 
* "ereZlsT C ° mPriSing ^^-^-0 as the second step catalyst The 52£S2 

2 J y '"Ration of the effect of various compounds added to starting substances it was found that 
addition of acrylic ^acid and acetic acid resulted in a decrease of conversion of propyl but oS 
carbony. compounds of a low boiling point had very little effect on the conversion of propyten TOs resu' 
not only supported the disclosure in Japanese Patent Laid-Open Publication No 1oI917'1977 wh£h h*H 

40 orooltl re 6 * T * W ** d ^ ^ S ° 38 e 

F 3S SSSC!!^ 3,80 T PhaSi29d *" C0mp,6te 9,imination of acids is «** Preferable 
SLlnl S I!? C09 f te " ce ° f steam was not required for the starting material composition in the 
first reaction if the starting matenal was diluted with inert gas. In addition, it was shown that low oxygen and 

« ZTJll^Z ? SU ' ted J" S8Vere d9CreaSe ° f C ° nverSi0n 0f acro,9in ' 30(1 also steam was equSfor me 
On ,1 ^ Y ,nvest,9ation of *• composition of the gas supplied at the second reactor it 
nf m« * ^ *? presumed 1,131 *• m ajor factor in the deterioration of (Mo-Bi) catalysts is deficiency 

The relation between steam pressure at the first reactor inlet and decrement of Mo on the catalvsfs 

^^"E^ZFK by usin9 ESC ; ,f has b99n found m * *• ^ 

increases with .ncrement of steam pressure. The result is in principle similar to those described in the 

Tsz^rnsv is*! srr * N °- * 2o6s - 2 ° 7 ' (i965 > and cssi: x 

NO. 20, 947-957 (1963). The results of the references, however, were obtained by the use of molybdenum 
s ^ ^ USe ° f mUCh hi9her than those for industrial use. SZi^SSSS 

SmZS EST 9 ? r 1,16 h3S b e " Carried 0ut under suc " condifions as Jr s ia for 

an industrial operation, with industrial catalysts. The sublimation rate of Mo has been found to be much 
lower than that obtained by extrapolation from the data in the references cited above 

in addition, from the viewpoint of environmental pollution, discharged waste gas must be completely 
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combusted before it is discharged in an industrial plant for acrylic acid production. 

There are two methods for combustion of waste gas: one is by burning oil. and the other is catalytic 
oxidation combustion by the use of a catalyst, such as a noble metal catalyst. Recently the technolcov for 
catalytic oxidation combustion has been highly improved to cause waste gas to burn very stably The 
concentration of oxygen in waste gas combusted completely can be measured continuously andverv 
stably. As contrasted with the completely combusted gas, waste gas such as in a recycling process which 
contains much organic compounds and presents difficulty in continuous analysis of oxygen concentration 
and requires zero point compensation continually for accurate analysis, and it can be concluded that the 
combusted waste gas recycling process is superior to the unreacted propylene recycling process 

Based on the findings described above, we have improved the system disclosed in Japanese Patent 
Laid-Open Publication No. 73041/1981 and now achieved the present invention which relates to a simplified 
and safe combusted waste gas recycling process. 

The present invention can be used more advantageously when such propylene of a tower purity is used 
as. for example, propylene fraction with high content of propane obtainable from an FCC plant or with hiqh 
content of H a obtainable from dehydrogenation of propane. 



Specific Practice or Reaction 

The present invention is characterized by a combination of procedural steps, and catalysts and unit 
operations and unit reactions themselves can be those known in the art or modified ones. 

Although the catalysts are important elements in catalytic oxidation reaction to which the present 
mventjon belongs. (Mo-Bi) catalysts for the first reaction and (Mo-V) catalysts for the second reaction may 
be those disclosed in the above-mentioned Japanese Patent Laid-Open Publications and Japanese patent 
Publications. Suitable catalysts are. for instance, those represented by the following formulas. These 
formulas, however, are those used commonly to indicate the name and the contents of elements in the 
catalyst and do not mean chemical compounds which have the molecular formula. 

(1) Mo-Bi Based Composite Oxide Catalyst: 

Mo.2Bi a Fe b Co c Ni d (B. P and/or As). (M and/or TI),M' g W h Si,O x 

wherein M stands for an alkali metal and M' stands for an alkaline earth metal, and a is O.S to 7 b is 0 05 to 
3. c is 0 to 10, d is 0 to 10. (c + d) is 1 to 10, e is 0 to 3. f is 0.05 to 1.4, g is 0 to 1.0, h is 0 to3.0, 1 is 0 to 
48. and x is a number satisfying the oxidation state of the elements included. 

(2) Mo-V Based Composite Oxide Catalyst: 

Mo,jV,(W,Nb.Ta,U and/or Cr) 0 Cu c Fe d Ni,Sb,M,(Si and/or AI) h O,« 

wherein M stands for an alkali metal, and a is 0.1 to 4, b is 0.1 to 4. c is 0.1 to 4, d is 0 to 2. e is 0 to 24 f 
is 0 to 50, g is 0 to 2 h is 0 to 10, and x is a number satisfying the oxidation state of the elements included 

Oxidation combustion of waste gas after removing acrylic acid or a tail gas can be carried out by using 
suitable oxidation catalysts, for instance, noble metal catalysts. Various review articles can be used as 
detailed reference for oxidation catalysts, such as KOGYO SHOKUBAI HANNO II (INDUSTRIAL CATALYTIC 
REACTIONS II). pp 208 to 219 published by Kodansha. Japan. These references are herein cited as 
reference. Particularly suitable oxidation catalysts in the present invention are those comprising Ru. Rh Pd 
Os. Ir or Pt. Pt catalysts are typical. 

A particular example of the process of the present invention is indicated in the attached flow chart. 

In the embodiment shown in the flow chart, propylene and air are fed to a first step reactor 101 where 
the propylene is converted mainly to acrolein, and the effluent gas from the first step reactor 101 is sent to 
a second step reactor 102 where the acrolein is converted mainly to acrylic acid. The effluent gas from the 
second step reactor 103 is sent to a quenching column 103 where the effluent gas is quenched to form an 
aqueous solution of the acrylic acid leaving a waste gas or a tail gas. and the aqueous acrylic acid thus 
formed is w.thdrawn via line 4. The waste gas is withdrawn from the quenching column 103 through out of 
its top. and is then sent to a combustion furnace 104 where the waste gas undergoes catalytic oxidation 
combustion. A part of the effluent gas from the furnace 104 is sent to the first step reactor 101 in 
accordance with the pres nt inv ntion. Th r maining of th combusted waste gas is withdrawn from th 
system via line 5. Steam is f d to th second step reactor via lin 3. Air may be supplied to the second 
step reactor and/or the furnace 104 upon necessity via lines 6 and 7. respectively. Blowers or pumps and 
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heat exchangers are provided on the lines where required 



j,^.* — ~ r .«».w.w« . mo hi too Willie required. 

In the illustrated process, air and steam supplied at the second reactor inlet can be replaced by air 
surtably mcstened ,n advance. Further, this process has an advantage in that the oxygen coSratSnln 
combusted waste gas can be controlled irrespectively of the preceding reactions by the ^JnwnTof 
secondary air supplied at the inlet of the combustion apparatus. 
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Jisssi i e jest* ■* was ^ in ,hs mmna ' — — * » «• 

-^S.155K5SSST 3,80 prod0C8d ,n ,te """" " M ~ - •» 

The reactor has a double pipe construction made of stainless steel The inner nirm i« pn 
d,ameter and 2.200 mm, in length, while the outer pipe is 100 nvmli SUSSES id 1 900 ZTn 
length The catalyst is filled in the inner pipe and a motten nitrate bath is ZZEZtZ nneJa^d tha 

25. iK" a uniform ,emperature of *■ cata,yst in ,he inner pipe can £ 

^s^^ssr* joined to9ether with a *• « - — - - 

First the first reactor was charged with 200 ml of ceramic balls to form a bed for oreheatino on the im*t 
s.de of the reactor. Subsequently 250 ml of the first reactor catalyst diluted w«h ^SoSTSmSSI 

side with ceramic bails. The second reactor was treated similarly as the first reactor except that 167 ml of 
the second reactor cataiyst diluted with ,67 ml of ceramic bails was used to form a second'lactn £2£ 

™^ me ' T ! 938 fr ° m 1,18 acry,ic acid Paction plant was combusted using a Pt-catalvst 

waste Z ZZ^i I?" T ^ Ltd - J3pan - M of «mpo^^iS?S2 

waste gas and the combusted waste gas were as follows. 

Waste gas Combusted waste gag 

°a ! 6.«0* 0 2 j4.3% 

CO:0 ' 9 * CO:less than 0.1% 

C0 2 :2.5% C0 2 :4.6% 

H 2 O:4.0% H 2 0:5.3% 

N 2*86% N 2 :85.7% 

45 C 3 :0.5% propane: trace 

acrolein: 0.01% propylene: trace 
acetic acid: 0.03% 
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levefS follows" 9 re8U,t, ^ ^ 938 ""P 0 **" 8u PP ,ied at *• first reactor inlet was set at the 



propylene:10% 
combusted waste gas:25% 
55 air:65% 



JT^^ W SUPPHed at the firSt in,et was com P° sed of ™ % of propylene. 70 IS of air 

?o^JS «S I ?° / :° f Steam * 7,113 C ° mpOSiti0n was in agreement with the leva, sit 
To the second reactor inlet, add.tional air and steam were suppiied to make up the following molar 
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ratios to which the gas composition supplied at the first inlet was taken ii 



into account. 
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molecular oxygen/propylene;2.1 
steam/propylene:2.0 
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The average yield of acrylic acid was 88.4% under the following conditions: 

nitrate bath temperature in the first reactor: 340°C 
nitrate bath temperature in the second reactor: 260°C 
pressure at the first reactor inlet: 0.8 kg/cm2G 
pressure at the second reactor inlet: 0.6 kg/cnVG 

The space-time-yield obtained was 164 g acrylic acid/lit.catalysfhr. 
Claims 

^^XZe p z^z^^^^ t r ch comprises SUbjectin S * 8- 

comprises conducting the oxidation reactions under ZoZng ££? «* ' mpr0Vement which 
recove^ Z^£££^££^* " sub *«ed to an acryiic acid 

a ™ia?Lw ,h 10 "? ' U ! ,i9Cted t0 *• fifSt Cata,ytic oxidation re **°" * the state of 
a £££££ * e |h m0,eCul " molecular «W» to the propylene of from 1.17 to 2.50; 
a concentration of the propylene of from 5 to 14%; and 

a concentration of the combusted waste gas of from 5 to 95% 

ESSE 'SZS2 " " - 01 ^ - - — - «- - — * 
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